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Abstract 
No-till Vegetable Production at the Cal Poly Organic Farm 
Nathaniel Jay Harkleroad 
Tillage and subsequent bare soil have been linked to erosion, nutrient leaching, reduced 
biological diversity, loss of organic matter, and release of CO2 into the atmosphere 
(Brady and Weil, 2004).  The usefulness of an organic no-till system for transplanted 
vegetables was explored over two growing seasons.  In 2007-2008, in a randomized 
complete block design, treatments of tilled and no-till (T and NT, respectively) were 
seeded to a dense grain and legume winter cover crop.  Tilled plots were mown and disk-
ploughed two times; NT plots retained a mow-killed mulch on the soil surface.  There 
were less weeds in NT plots.  A corollary experiment was conducted in 2007-2008 to 
help determine the best cover crops for a no-till system.  There was no difference in the 
amount of biomass produced by the different cover crops, although anthesis for ‘Juan’ 
triticale (Triticum X Secale) was 12 days later than for ‘Montezuma’ red oats (Avena 
sativa).  In 2008-2009, a completely randomized experimental design was used to test the 
effect of tillage on bell pepper yield, weed suppression, plant height, and total soil 
carbon. The treatments were tilled and no-till (T and NT, respectively). A winter cover 
crop was seeded. Tilled plots were mown, hand-forked and roto-tilled; NT plots retained 
a killed mulch on the soil surface.  Although T plots yielded more bell peppers, NT plots 
had more weed suppression.  There was no difference between the treatments in the 
change of total soil carbon over the 1 year period, although both treatments experienced 
overall gains.  The present study will add to the growing body of research on the 
possibility of organic no-till vegetable farming for small- to mid-sized growers located on 
the central coast of California.   
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Introduction 
Approximately 75 billion tons of fertile soil are lost from world agricultural systems 
each year, with much less erosion occurring in natural ecosystems (Myers, 1993).  
Farmers have begun to respond to serious soil losses with new conservation tillage 
technologies that decrease the typical number of soil disturbances experienced in an 
agricultural system, as well as maintaining more of the soil cover for longer periods of 
time.  In the U.S. during the 1990’s, no-till farming acreage rose from 16 million to 52 
million acres, an increase of 225 % (Fawcett and Caruana, 2001).  However, the majority 
of this farm land had been in conventional corn and soybeans, which relied on synthetic 
pesticides and fertilizers, as well as genetically-engineered crops (Brady and Weil, 2004).   
Organic farmers have begun to express an interest in adopting no-till systems to 
avoid the potentially negative consequences of soil disturbance.  Organic farming has 
traditionally relied heavily on tillage to create seedbeds, bury crop residues, and control 
weeds.  Exposed soil is not only vulnerable to wind and water erosion, but also soil 
nutrient leaching, reduced biological diversity, and loss of organic matter (Brady and 
Weil, 2004). 
Researchers and organic growers have been developing alternatives to some of the 
tillage required for crop management.  One system involves the growing of a dense cover 
crop, killing the cover crop, and then planting or transplanting into the cover crop residue 
(Kuepper, 2001).  This system is sometimes referred to as the “killed-cover-crop mulch 
system” or “in-situ mulch system.”  However, much of this research has been carried out 
on the east coast of the United States (Creamer et al., 1995; Abdul-Baki and Teasdale, 
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1993) in climates very different from the central coast of California, which is 
characterized by hot/dry summers and mild/wet winters. 
In response to this gap in the research, organic no-till vegetable production was 
studied from November 2007 – November 2009 at the California Polytechnic State 
University Organic Farm (CPOF) at San Luis Obispo.  The effect of tillage type on weed 
suppression was studied in 2007-2008.  A corollary cover crop trial was performed in 
2007-2008 to help determine the best grass cover crop for a killed-mulch system.  In 
2008-2009, a study with a larger scope was performed to determine the effect of tillage 
type on bell pepper yield, weed suppression, plant vigor, and soil health. 
 
Importance of the Project 
This research will help determine the usefulness of no-till vegetable production for 
the Cal Poly Organic Farm at its different scales of production. By extension, these 
studies will benefit small- to medium-sized growers on the central coast of California by 
adding to the limited body of knowledge on such techniques.  Adoption of the killed-
cover-crop mulch system for vegetable crops may decrease the time spent weeding, fuel 
for tractor use, erosion potential and release of CO2 into the atmosphere, while at the 
same time improving certain soil properties related to crop growth (e.g., increased 
organic matter),  increasing produce  yields comparable to standard tillage practices, and 
increasing profits. 
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General Approach 
This research assessed the usefulness of the killed-cover-crop mulch system for 
vegetable crops at the Cal Poly Organic Farm.  It consisted of empirical studies over two 
growing seasons conducted mainly on-farm, though some data was gathered in a 
laboratory.   
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Literature Review 
Organic farming relies heavily on tillage to create seedbeds, bury crop residues, and 
control weeds.  The soil is left bare as a result.  Exposed soil is vulnerable to erosion, 
nutrient leaching, reduced biological diversity, and loss of organic matter (Brady and 
Weil, 2004).    Furthermore, tillage is energy intensive and a contributor to CO2 in the 
atmosphere. Production systems are needed which can offer organic growers alternatives 
to the frequent tillage done for crop management.  No-tillage systems (“no-till”) in which 
crop residues are maintained on the soil surface may mitigate some of the negative effects 
of the soil being left bare (Brady and Weil, 2004).   
Between 1990 and 2000, no-till farming acreage rose in the U.S. from 16 million to 
52 million acres, an increase of 225 % (Fawcett and Caruana, 2001).  The majority of no-
till production land is in conventional corn and soybeans, which relies on chemical 
pesticides and fertilizer, and, increasingly, genetically engineered crops (Brady and Weil, 
2004).  Organic farmers have expressed an interest in no-till systems involving a high-
residue, killed cover-crop as an in-situ mulch, instead of incorporating cover crops as 
green manure (Morse, 2006).  Many researchers have begun investigating organic no-till 
production systems utilizing such techniques (Morse, 2006; Creamer et al., 1995; Abdul-
Baki and Teasdale, 1993).  However, this research has largely taken place on the east 
coast of the United States in climates very different from the central coast of California.  
Recent research on no-till farming for the west coast of the United States has largely been 
focused on field crops and non-fresh market vegetables (Mitchell et al., 2008; Veenstra, 
2006). 
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Benefits of Cover Crops 
Cover crops are grown to protect the soil surface, especially during periods when 
cash crops cannot be grown.  Cover crops can include legumes, grains or a mixture of the 
two.  They can be turned under by tillage as a green manure or killed and left on the 
surface as a mulch.  Cover crops may have several benefits, regardless of their 
management, including reducing soil erosion, reducing leaching losses of soil nutrients, 
fixing atmospheric nitrogen, improving soil organic matter content (thereby increasing 
water infiltration rates, water holding capacity and cation exchange capacity) (Brady and 
Weil, 2004), and reducing weed competition (Liebman and Staver, 2001).   
Legume cover crops can provide substantial N to the soil.  A hairy vetch cover crop 
mulch produced 112 lbs N/ac and reduced the amount of nitrogen fertilizer needed for 
optimal yield of tomatoes by 90 lbs N/ac (Abdul-Baki et al., 1997).  Generally, 40 % of  
the nitrogen produced by the cover crop becomes available for other plants to use the first 
year after the cover crop is killed and left on the soil surface (Sullivan et al., 1991).  
About 60 % is available in the same time frame when the cover crop is incorporated into 
the soil. 
A fast-growing, dense cover crop can help prevent weed seed formation during the 
time that the cover crop is growing.  Therefore, cover crops can help form part of a weed 
management plan for growers.  The slow growth of some legume mixes and the 
emergence of weeds can sometimes be managed with higher application rates of the 
cover crop (Brennan and Smith, 2005).  However, little research has been carried out on 
the West Coast to optimize cover crops for use with organic no-till production systems. 
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Killed-Cover-Crop Mulch Vegetable Production Systems 
Systems have been investigated focused on growing a dense cover crop to full bloom 
or early seed formation, killing it, and planting or transplanting vegetable propagules into 
the residue.  The biological characteristics of the cover crop must be taken into 
consideration to avoid cover crop re-growth (Sullivan et al., 2001) which can negatively 
interfere with cash crop growth.  These systems have not yet been used with very fine-
seeded crops (e.g., carrots).  
In conventional no-till systems, herbicides are the primary means for killing the 
cover crops.  Both mechanical technologies and weather stress are being employed to kill 
cover crops in organic systems, and the mechanical systems include mowing, 
undercutting, rolling, and crimping (Kuepper, 2001). 
Researchers have investigated various methods for mechanically killing cover crops. 
In a study in North Carolina focused on summer cover crops, mowing was generally 
more effective than undercutting at killing broad-leaved cover crops (e.g., buckwheat, 
fava beans, tansy-leaf) (Creamer, 1995).  Undercutting was more effective than mowing 
at killing grasses (e.g., sudangrass, rye, oats).  Generally, mowing and undercutting are 
more effective than rolling at killing both broad-leaved and grass cover crops (Kuepper, 
2001).  Rolling, however, can be achieved at greater speeds than mowing.  Flail mowing 
chops the biomass very finely, which leads to faster breakdown and a shorter period of 
soil coverage.  Sickle-bar mowers cut the cover crops close to the soil and lay the mulch 
uniformly; however, the sickle bars are easily jammed with plant residue.   
In one study on the east coast, winter grasses and hairy vetch (Viciad villosa Roth.) 
were evaluated for their usefulness as a killed-cover-crop mulch for the home garden, 
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where incorporation of cover crop material can be quite difficult with hand tools 
(Schonbeck et al., 1995).  The grasses included rye (Secale cereal), ryegrass (Lolium 
perenne), field brome (Bromus arvensis), Blando brome (Bromus mollis L.), annual 
bluegrass (Poa annua), triticale (Triticatum x Secale), and early varieties of winter wheat 
(Tricticum aestivum L.).  The re-growth of rye could be controlled by clipping it quite 
close to the ground after it had begun to shed pollen in late May, whereas ryegrass, field 
brome, Blando brome, and annual bluegrass all re-grew.  Triticale and the early winter 
wheats all shed pollen later than the rye, indicating that they probably could not be mow-
killed as early in a growing season.   
Farm equipment has been designed specifically to function with a no-till vegetable 
system.  Hand-transplanting is the method that is commonly employed by researchers, 
though much technology has been developed to aid organic no-till crop management.  A 
subsurface tiller-transplanter, which loosens a 2-inch wide by 6-8inch deep slot in the 
soil, and sets vegetable starts or seed potatoes, has been developed (Morse and 
Schonbeck, 2007).  Other no-till planting aids have been developed that usually consist of 
a coulter and a heavy shank that leave a narrow swath of prepared soil for vegetable starts 
or seed (Kuepper, 2001).   
Most killed mulches do not provide thorough, long-season weed control without 
some additional effort (Kuepper, 2001).  Research has shown no-till systems begin to 
favor perennial weed species over time (Teasdale and Abdul-Baki, 1998).  Many systems 
have been able to achieve no-till from the time the cover crop is sown, through growing 
the cash crop, until it is time to prepare the ground for another annual cover crop 
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(effectively, 1 year).  Some have referred to this system as “rotational tilling” (Morse and 
Schonbeck, 2007).   
 
Weed suppression in Organic No-till Vegetable Production 
Traditionally, organic farmers incorporate cover-crop residues as green manure, 
which leaves the soil surface uncovered and vulnerable to erosion and the proliferation of 
weeds.  Weed control is considered to be the greatest problem facing organic growers 
(Walz, 1999).  Hand-weeding or mechanical cultivation are typically the methods used to 
remove or kill the weeds.  Both methods can be expensive, time consuming, and the latter 
can degrade soil quality (Kuepper, 2001). 
In a 3-year study on organic no-till potato production, weed growth was generally 
held below yield-limiting levels without applying herbicides, indicating the cover-crop 
production and management system employed in the study could be used to produce 
organic potatoes (Morse, 2006).  Potato seed pieces were no-till planted into a living rye 
cover crop.  The cover crop was then killed with a flail mower just before the potato 
sprouts emerged through the soil surface.  Weed suppression did not correlate strongly 
with cover crop type (i.e., rye vs.  rye/hairy vetch), but did correlate strongly with 
seasonal rainfall.   
Species of cover crop can also affect weed suppression potential.  Weed biomass 
was measured in a no-till sweet corn study using a vetch cover crop as a mulch, a cover 
crop mix of rye and vetch as a mulch, and bare soil (Carrera et al., 2004).  The vetch 
treatment resulted in less weed biomass than the cover crop mixture. The cover crop 
mixture, in turn, resulted in less weed biomass than bare soil. 
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The total time spent weeding can be drastically reduced in a no-till system.  A mow-
killed mulch of hairy vetch and rye was studied against a more standard organic option in 
which the same cover crops were tilled into the soil in advance of planting tomatoes 
(Schonbeck et al., 1995).  The overall time spent in weed management on the killed-
mulch plots was about three-fourths that spent on the tilled plot, which could result in a 
cost savings for an organic grower. 
In a 3-year study on the effect of cover crops on weed populations in lettuce, a 
summer cover crop mulch treatment resulted in fewer weed species mid- and early season 
compared to a summer fallow treatment (Ngouajio et al., 2003).  Weed density was the 
least in a cowpea mulch compared to treatments in which the cowpeas were incorporated, 
sudangrass was incorporated, and or the soil was allowed to remain fallow during the 
summer.  No-till organic vegetable production, therefore, has the potential to reduce the 
number of weed species and weed densities during critical growth periods for vegetable 
crops. 
In a study at the Cal Poly Organic Farm at San Luis Obispo, California, summer 
annual weeds were less when a winter cover crop was mown and left of the surface as a 
mulch compared to when the cover crop was incorporated (Booker, 2009).  It was 
observed that in both treatments weeds primarily emerged along the dripline.   
A combination of both grains and legumes in a cover crop may produce enough 
biomass to suppress weeds and deliver nitrogen to a crop at a rate conducive to plant 
growth (Creamer, 1999).  At least 3 tons per acre of aboveground biomass was essential 
to achieve 5-7 weeks of weed suppression on the east coast of the United States (Morse 
and Schonbeck, 2007).  In a three-year study utilizing the winter cover crops hairy vetch 
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and rye grown as either alone or in combination, it was concluded that combining the 
cover crops generally produced greater biomass and weed suppression (Teasdale and 
Abdul-Baki, 1998). 
 Some cover crops exhibit allelopathic effects.  Rye produces chemicals that inhibit 
free germination and growth of a large number of broadleaf and grassy weeds (Kuepper, 
2001).  Lablab beans and radishes (forage and daikon varieties) have been explored for 
use as a killed mulch.  Their residues break down quickly after being winterkilled, yet 
winter weed growth is delayed due to an allelopathic effect, leaving a nearly clean 
seedbed for spring planting (Morse and Schonbeck, 2007).  Allelopathic effects can, 
however, extend to cash crops.  Researchers explored the possibility of allelopathic 
damage to tomato, broccoli and lettuce crops transplanted into a mow-killed sorghum-
sudan mulch (Mitchell, personal communication, 2009).  All three crops suffered 
allelopathic damage. 
 
Yield in Organic No-till Production Systems 
Organic no-till production systems have the potential to yield as well as tilled 
systems.  In a two-year study at the Cal Poly Organic Farm (San Luis Obispo, CA)  there 
was no difference in yield between organic tomatoes grown with or without tillage 
following a grain and legume cover crop (Booker, 2009).  Although in both years there 
was no difference in yields, the yields for all plots were below California state averages 
(Le Strange et al, 2000).  In a 4-year study in Virginia, using high-residue cover crop 
mulches with organic no-till potato production, yields of marketable creamer (2002) and 
table-stock (2003-2004) potatoes were equal or higher in no-till with rye+hairy vetch and 
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no-till with barley+hairy vetch plots than in no-till with rye or conventional till plots 
(Morse, 2006).  The same study found that in 2004, organic tuber yields in no-till plots 
were similar to the Virginia state average for non-organic commercially grown 
conventional till potatoes.   
No-till plots do not always yield as well as tilled plots.  In one study in which 
organic tomatoes were grown in a mow-killed rye and vetch cover crop, plots produced 
more fruit early in the season, but the yield differences became less between tilled and 
no-till treatments as the season continued (Schonbeck et al., 1995).  No-till plots may 
have had cooler soil temperatures that led to slower early tomato growth.  The difference 
in total yield of tomatoes between the mulched and tilled plots was also not considered 
significant.   
In a study on organic no-till bell pepper production, plants grown no-till with bare 
soil and no-till in a hairy vetch mulch yielded less at one location than plants grown using  
tillage and a black polyethylene mulch (Abdul-Baki et al., 1999).  Additionally, the black 
polyethylene treatment advanced fruit maturity by 20 days in one location, while only 4 
days at another. 
 
Soil Organic Carbon in No-till Vegetable Production 
Conservation of soil carbon content is needed for sustaining soil quality, 
productivity, and environmental quality (Brady and Weil, 2004).  Tillage is generally 
considered to reduce soil organic C by increasing residue incorporation, disrupting soil 
aggregates, and increasing aeration.  In a tilled system the oxidized soil carbon (CO2), a 
greenhouse gas, is sent back into the atmosphere contributing to anthropogenic climate 
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change.  Changes in soil organic C can occur slowly because of their large pool size and 
tendency for spatial variability (Sainju et al., 2001).   
No-till vegetable production may increase soil organic carbon.  A 3-year experiment 
was conducted in Central Georgia examining the influence of tillage practices (i.e., no-
till, chisel plowing, and moldboard plowing), cover crops (hairy vetch vs. winter weeds), 
and N fertilization rates on soil organic C and tomato yield.  Soil organic C was greater in 
plots subjected to no-till with vetch than in plots either chisel or moldboard plowed with 
vetch or weeds at 0- to 8-in soil depth (Sainju et al., 2001).   
Tillage does not always influence soil organic C as much as cover cropping.  A 4-
year study was conducted on the effect of conservation tillage on the physical and 
chemical properties of the soil used for a cotton-tomato rotation in the San Joaquin 
Valley of California (Veenstra et al., 2006).    In this study, the addition of cover crop 
residues increased soil carbon regardless of tillage practice.  In a standard tillage + cover 
crop treatment, total carbon increased at both the 0-6 inch soil depth and 6-12 inch soil 
depth. A conservation tillage + cover crop treatment only increased the total C in the soil 
to a 0-6 inch depth.  The total carbon increase averaged across the cover crop treatments 
over 4 years was 4,200 pounds per acre.  The results of this research challenge other 
research suggesting the difficulty of C accumulation in conservation tillage systems in 
semi-arid environments (e.g., Potter et al., 1998). 
Some studies suggest that there is no actual difference in total soil C amongst tillage 
treatments when the entire soil profile is taken into consideration.  Soil carbon between 
plowed fields and fields managed with no-till practices was compared for up to 30 years 
on working farms in 3 states on the east coast of the United States (Blanco-Canqui et al., 
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2008).  In many sites there was no difference between no-till and plowed fields in soil 
carbon accumulation when measuring carbon from the entire soil profile (depths below 
12 inches).  Three of the 11 sites had greater soil carbon accumulation in the plowed 
fields than in the no-till fields. 
There is a notable paucity of research on soil carbon in strictly organic no-till or 
conservation till systems.  Organic systems may have more soil fauna (e.g., beetles and 
worms) to mix plant residue deeper into the soil strata.  It may take as long as 4 years for 
the population of soil fauna to regenerate after decades of intensive tillage (Veenstra et 
al., 2006).   
Rotational tillage, which is typically employed in organic no-till vegetable systems 
to bury crop residue, weeds and prepare ground for a cover crop, has the potential to 
conserve more soil organic carbon than continuous no-till.  Greater gains of soil organic 
carbon at subsurface depths were found when no-till was  followed by a short period of 
conventional till and then returned to no-till compared to no-till for 28 years and 
conventional till followed by 11 years of perennial grasses (Purakayastha et al., 2008).  
The researchers considered this as evidence that physical movement of soil organic 
carbon through tillage to subsurface depths could be a mechanism for increasing total soil 
organic carbon for systems under mainly no-till management.  
  
Conclusions 
Cover crops benefit organic growers regardless of whether they are incorporated.  
Organic farmers are seeking new ways to protect against the negative effects of bare soils 
through conservation and no-till technologies.  One such system utilizes a killed-cover-
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crop mulch that involves growing a dense cover crop to full bloom or early seed 
formation, killing it, and planting or transplanting vegetable propagules into the residue.  
Leaving cover crop residues on the soil surface may also suppress weeds long enough for 
a cash crop to be grown without any additional weeding, cultivations or herbicides.  
Organic no-till vegetable production systems may also yield as well as conventional till 
systems, and accumulate soil organic carbon. 
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Objectives and Hypotheses 
 
Objective 
• The objective is to determine whether organic no-till vegetable production is useful 
for the Cal Poly Organic Farm’s various scales of production. 
Hypotheses 
• There is a difference in the effect of tillage type on zucchini yield, and weed 
suppression. 
• There is a difference in the effect of grain species in a cover crop on cover crop 
biomass.   
• There is a difference in the effect of tillage type on bell pepper yield, weed 
suppression, total soil carbon, and plant vigor.   
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Assumptions 
The following was assumed: 
• Variation due to environmental gradients (e.g., soil variation, climatic variation) is 
accounted for with randomization. 
• Prior use of the plots had no influence on current study. 
• A buffer zone preserved the integrity of the treatments. 
• Differences in treatment effects could be measured using relatively small plot sizes 
and in one growing season. 
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Materials and Methods 
 
     The objective of the research was to determine whether organic no-till vegetable 
production could be useful for the various scales of production used by the Cal Poly 
Organic Farm. Three experiments were conducted over two growing seasons to be able to 
refine research methods. Experiment 1 sought to test the effect of tillage type on zucchini 
yield and weed suppression. Building on the challenges of cover crop re-growth in 
experiment 1 in no-till plots, experiment 2 sought to test new cover crop species for 
biomass and re-growth. Experiment 3, the largest in scope, sought to test the effect of 
tillage type on bell pepper yield, weed suppression, total soil carbon, and plant vigor.   
Experiment 1 
The first experiment was conducted in 2007-2008 on commercial-scale certified 
organic farmland at California Polytechnic State University, San Luis Obispo.  Field soil 
at the site was a silty clay loam, pH 7.5.  The site had not been planted to zucchini 
(Cucurbita pepo) or any Cucurbitaceous crop for at least 2 years.  Two treatments were 
compared, tilled and no-till (T and NT, respectively).  The experiment did not achieve its 
full intended scope due to crop failure in the NT plots, which may have been due to an 
insect pest interaction (see Results and Discussion). 
The experimental design was a randomized complete block design with 11 
replications.  Each treatment plot consisted of two 3.33’ x 30’ beds.   
Beds for the cover crop were erected in mid-October 2007 and all plots were seeded 
on Novermber 1, 2007 at a rate of 120lbs/acre with an “Organic Soil Builder Mix” cover 
crop consisting of 40 % bell beans (Vicia fabia), 20 % Magnus winter peas (Pisum 
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arvense), 15 % Lana vetch (Vicia dasycarpa), 15 % purple vetch (Vicia autopupurea), 
and 10 % ‘Juan’ triticale (Triticum X Secale), by volume (Peaceful Valley Farm Supply, 
Grass Valley, CA).  The cover crop was irrigated once with overhead sprinklers and no 
fertilizer was added.  Immediately before mowing, random samples were taken from 1-
m² areas of cover crop outside the experimental plots, dried overnight at 158°F in a 
forced-air oven, and weighed to determine biomass.  Tilled plots were mown with a high 
speed rotary mower, disk-ploughed twice, and beds were shaped.  No-till plots were 
mown with a sickle- mower that cut the cover crop down at 2 inches above the bed 
surface, creating a 6-inch thick mulch residue on the bed tops. The ‘Juan’ triticale 
continued to re-grow in the NT plots after being mown. 
Seedlings of organic ‘Ambassador’ zucchini that had been started in a greenhouse in 
128-cell flats were obtained from a commercial source.  The seedlings had been 
maintained for 3 weeks in a greenhouse and hardened for 1 week.  Each treatment plot 
contained 1 bed that had a single row of zucchini that was hand-transplanted at an in-row 
spacing of 18 in.  Each bed was irrigated with one surface drip line placed next to the row 
of plants with the emitters facing up.   
All weeds were counted and removed by hand on June 15, 2008, June 29, 2008, and 
July 13, 2008. 
Statistical analysis was conducted using Minitab ver. 12 (Minitab Inc., State College, 
PA).  The existence of significant differences (α = 0.05) was determined through 
ANOVA. 
 
 
  
 19
Experiment 2 
The second experiment was conducted in 2007-2008 on commercial-scale certified 
organic farmland at California Polytechnic State University, San Luis Obispo, to compare 
different cover crops for use in organic no-till vegetable production.  The field had not 
been farmed for many years and weed and animal pests were a problem.  Four cover crop 
species were chosen as treatments applications, beardless barley (Hordeum vulgare), 
‘Montezuma’ red oats (Avena sativa), cereal rye (Secale cereale), and ‘Juan’ triticale 
(Triticum X Secale). 
The experimental design was a completely randomized design with 24 plots.  Each 
plot consisted of two 3.33’ x 30’ beds.  
Beds for the cover crop were listed in mid-October 2007 and experimental plots 
were seeded on November 3, 2008 with one of the cover crop treatments at a rate of 
100lbs/acre. Seed and seeding rates were obtained from Peaceful Valley Farm Supply, 
Grass Valley, CA.  All cover crops were irrigated once with overhead sprinklers and no 
fertilizer was added.  Only ‘Montezuma’ red oats and ‘Juan’ triticale produced sufficient 
stands for measuring due to seeds being eaten by rodents. 
When each cover crop was at approximately 50 % flower, three random samples 
were taken from 1-m² areas from each plot, dried overnight at 158°F in a forced-air oven, 
and weighed to determine average biomass. 
Statistical analysis was conducted using Minitab ver. 12 software (Minitab Inc., 
State College, PA).  The existence of significant differences (α = 0.05) was determined 
through a t-test.   
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Experiment 3 
The third experiment was conducted in 2008 -2009 at a market garden scale on 
certified organic land at the California Polytechnic University, San Luis Obispo.  Field 
soil at the site was a loam, with a pH of 6.5.  The site was sloped (15-30%).  The growing 
beds were terraced, roughly on the contours of the slope with grassed pathways between 
beds.  The site had not been planted to peppers or any other Solanaceous crop the prior 
year.  Two treatments were compared, tilled and no-till (T and NT, respectively). 
The experimental design was a completely randomized design with 10 plots.  Each 
plot consisted of a bed 3.33’ x 15’ in size.  
All plots were seeded on December 15, 2008 with an “Organic Soil Builder Mix” 
cover crop consisting of 40 % bell beans (Vicia fabia), 20 % Magnus winter peas (Pisum 
arvense), 15 % Lana vetch (Vicia dasycarpa), 15 % purple vetch (Vicia autopupurea), 
and 10 % Juan triticale (Triticum X Secale), by volume (Peaceful Valley Farm Supply, 
Grass Valley, CA), at a rate of 120lbs/acre.  The cover crop was exclusively rain irrigated 
and received no fertilizer.  Immediately before mowing, random samples were taken from 
1-m² areas of cover crop outside the experimental plots, dried overnight at 158°F in a 
forced-air oven, and weighed to determine biomass.  Tilled plots were mown with a self-
propelled brush mower, loosened to a depth of 12 in with a hand-fork, and roto-tilled to a 
depth of 8 in.  No-till plots were cut down by hand with a scythe 2.5 in above the bed 
surface, creating a 5 in thick mulch residue on the bed tops. 
Seeds of organic ‘Lantern’ bell peppers (Capsicum annum) were obtained from 
Johnny’s Selected Seeds (Winslow, ME)  and started in a greenhouse in 128-cell flats.  
The seedlings were maintained for 6 weeks in the greenhouse and hardened for 2 weeks 
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before being transplanted.  A single row of pepper plants was manually transplanted in 
each plot at an in-row spacing of 12 in.  Each plot was irrigated with one surface drip line 
placed next to the row of plants with the emitters placed downwards.  It had been 
observed in Experiment 1 that placing drip emitters upwards on an uneven mulch layer in 
NT plots resulted in a non-uniform wetting pattern. Plots were maintained at or near field 
capacity according to the soil-moisture-by-feel method (Miles and Brown, 2003). 
A composite preplant soil nutrient availability test administered by Fruit Growers 
Lab (Santa Paula, CA) revealed excessive P, and optimal N and K (see Appendix C).  
Feather tea, gypsum and boron were injected through the drip system one week after 
planting, and five applications were made thereafter biweekly, adding approximately 0.10 
lbs/acre N, 0.04 lbs/acre K, 5 lbs/acre Ca, 3.5 lbs/acre S, and 0.010 lbs/acre B to the soil.  
Estimates indicated that the cover crop would have added 108 lbs N/ac in T plots and 72 
lbs N/ac in the NT plots (Sullivan, 2003).  Seasonal N mineralization was assumed to be 
quite high due to the soil’s initial 4.5 % organic matter content (Gaskell, 2007). 
Seven harvests were made from plots 1, 2, 3, 8, 9, and 10 (plots 4, 5, 6, and 7 had 
crop failure due to rodent damage).  At each harvest, all marketable fruits (USDA grade 2 
or above; see Appendix B) from the middle 12 plants of each treatment plot were 
weighed and the number of bell peppers counted to determine fruit weight per plot.   
All weeds within the plots were counted and removed by hand four times at 
biweekly intervals after planting until canopy closure was achieved.   
All pepper plants were measured for height (in.) when blooms were first present on 
100 % of the plants, and at the end of harvest. 
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The change in percentage of total soil carbon before and after the application of the 
treatments to the plots (December 14, 2008 and December 1, 2009, respectively) was 
measured using an Elementar Vario MAX CNS Element Analyzer (Hanau, Germany) 
(Sparks, 1996).  Three samples taken from each plot (60 total).   
Statistical analysis was conducted using Minitab ver. 12 software (Minitab Inc., 
State College, PA).  The existence of significant differences (α = 0.05) was determined 
through a t-test.  Levene’s test of equal variances was used to determine whether the 
variances could be assumed to be equal.   
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Results and Discussion 
 
Experiment 1 
Tilled plots had a higher cumulative weed count of 452.8 plants per plot than NT 
which had a cumulative weed count of only 91.2 plants per plot (p<0.01).  There was also 
more Malva (Malva spp.) in T plots (p<0.01).  Tilled plots had a cumulative 207 Malva 
plants per plot compared to the NT plots which had only a cumulative total of 34 plants 
per plot. 
 
Fig. 1.  Effect of tillage on emergence of Malva spp. and other weeds. 
The mulch layer created in NT plots may have prevented sunlight from reaching the 
soil reducing the germination of some weed seeds.  Additionally, less weed seeds may 
have been brought nearer to the surface due to the lack of tillage.  This research confirms 
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previous research at the Cal Poly Organic Farm that a killed cover crop mulch can reduce 
weed emergence (Booker, 2009). 
Less weeds were found in NT plots than T plots with cover crop biomasses below 
the no-till guidelines suggested for the east coast (Morse and Schonbeck, 2007).  The 
cover crop from experiment 1 had an aboveground biomass of 2.29 tons/acre and the 
cover crop for experiment 3 had 2.76 tons/acre compared to the guideline of 3 tons/acre 
for weed control in no-till systems on the east coast.  This suggests, not surprisingly, that 
different no-till guidelines may need to be created for various California climates.  The 
hot dry summers of the central coast of California may permit the cover crop mulch to 
persist much longer on the soil surface.  Drip irrigation tends to only germinate weeds in 
a band adjacent to the drip tape.  This would also affect the rate at which mineral 
nutrition from the cover crop biomass becomes available for subsequent crops.  It may be 
possible for California growers to kill a cover crop at an earlier stage of growth, then 
plant into the mulch earlier and still have enough biomass in the mulch to achieve weed 
suppression.  Many non-grass cover crops may generate enough biomass and be easier to 
kill.  Planting earlier may be particularly important for California growers looking to take 
advantage of early markets for their crops.   
Although no specific cause for the zucchini crop failure in the NT plots was 
determined, it was observed that there was more cucumber beetle (Diabratica spp.) 
activity in NT plots than T plots. Future studies might want to measure pest interactions. 
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Experiment 2 
‘Juan’ triticale produced an average dry aboveground biomass of 3.91 tons/acre.  
‘Montezuma’ red oats produced an average dry aboveground biomass of 3.34 tons/acre.  
There was no significant difference between treatments in the amount of aboveground 
biomass measured (Table 1).  The ‘Juan’ triticale took 12 days longer to reach anthesis 
than ‘Montezuma’ red oats.   
 
Table 1.  Grass species characteristics as winter cover crop. 
Cultivar Days to Anthesis Dry Aboveground 
Biomass (tons/acre) 
Re-growth 
‘Juan’ Triticale  122 3.91 More 
‘Montezuma’ Red 
Oats 
110 3.34 Less 
 
Although no difference was found between these two cover crops in the amount of 
biomass produce, it is likely that further studies involving a range of cover crops would 
find that some species produce more biomass than others.  ‘Montezuma’ red oats were 
easier to kill than ‘Juan’ triticale. A grower could potentially optimize a cover crop to suit 
his subsequent no-till cash crop.  For example, if earliness of the cash crop is most 
important to a grower, he would be advised to choose a cover crop species that could be 
killed earlier in the season.  Indeed, a more comprehensive study of cover crops for CA 
climates with an emphasis on suitability for no-till systems is imperative. 
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Experiment 3 
Yield 
Cumulative yield of NT plots was less (P<0.05) than T plots (Fig.  2).  Both 
treatments yielded above the USDA national average of 18.8 lbs/100sq ft (Jeavons, 
1991).  Tilled plots yielded 50.6 lbs/100sq ft and NT 19.96lbs/100sq ft.  The fact that 
USDA grade 2 and above peppers were harvested in the study, however, may have 
inflated the yields compared to data that only reported higher grades. 
 
Figure 2.  Effect of tillage on cumulative yields of ‘Lantern’ bell peppers. 
 
A number of researchers have, similarly, found diminished yields with no-till 
compared to typical cover crop incorporation (e.g., Sainju et al., 2001; Schonbeck et al, 
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1995).  There are a number of possible explanations.  Although a composite pre-plant soil 
test was performed for all plots, there could have been actual differences in available 
nutrients between treatments prior to planting and through the growth phase of the bell 
peppers.  In particular, more N from the cover crop would have been available in the T 
plots (Sullivan, et al.  2003) than in NT plots.  However, other than slower growth rate 
relative to T plots, peppers in NT plots did not show any visible signs of N or other 
mineral deficiencies.  Tissue testing would prove useful to determine possible nutrient 
deficiencies in future studies. 
Soil temperature may have been a factor in the difference in yield between 
treatments.  Researchers have observed cooler soils in no-till systems where a thick 
mulch layer is maintained (Schonbeck et al., 1995).  The cooler soil temperatures may be 
less than optimal for certain crops. Studies in arid cool regions have showed that a 
modification in the no-till system, in which residues over a narrow band (3-in-wide) are 
pushed aside, eliminated much of the temperature depression from standard no-till while 
at the same time keeping most the soil covered (Arshad and Azooz, 1996).  This study 
would have benefited from including soil temperature measurements. In coastal districts 
in CA, growers sometimes utilize plasticulture in part to heat the soil and promote 
earliness (Hartz et al., 2008).  Such approaches need to be compared to no-till systems in 
future studies. 
Yield may also have been affected by differences in soil structure between the 
treatments.  It is possible that an incomplete amelioration of compacted soil over the 
winter and from previous crop management may have reduced root growth, thereby 
decreasing yield and nutrient uptake in NT plots compared to T plots.  Compacted soil is 
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sometimes seen, particularly the 1st year, in the transition from a tilled to no-till system 
(Sainju, et al.  2001).   
 
Mass of Individual Fruits 
Tilled plots had a higher average fruit mass (P<0.05) than NT plots (Fig.  3). 
Fig. 3.  Effect of tillage on individual fruit mass of ‘Lantern’ bell peppers. 
 
Similar factors (i.e., variations in soil nutrients, soil temperature, and soil compaction) 
may account for the difference between treatments in average fruit mass.  These results 
are contrary to those of other studies at the Cal Poly Organic Farm that showed no 
difference in average fruit mass with or without tillage in tomatoes (Booker, 2009).  
Other research in Maryland found greater fruit mass of bell peppers in a hairy vetch no-
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till treatment compared to treatments of no-till with bare soil and tillage with a black-
polyethylene mulch (Abdul-baki, 1999).   
Weed Emergence 
There was a difference (P<0.05)  between treatments in cumulative weed count (Fig. 
4).  Tilled plots had an average cumulative weed count of 63.8 weeds and NT plots had 
an average cumulative weed count of 24.2 weeds.    No-till plots had less (P<0.01) 
redroot pigweed (Amaranthus retroflexus) than T plots.  Tilled plots had an average 
cumulative count of 18.4 redroot pigweed plants and NT plots had an average cumulative 
count of 1.6 plants. 
Fig. 4.  Effect of tillage on weed emergence. 
 
Tilled plots had more redroot pigweed than NT plots, confirming the finding of 
others that organic no-till vegetable production may be particularly useful at suppressing 
warm-season annual weeds (e.g., Booker, 2009; Morse and Schonbeck, 2007).  Malva, on 
